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Abstract 
The endophytic fungus Coelomycetes AFKR-3 isolated from young stems of yellow moonshed plant (Archangelisia flava (L.) 
Merr.) has shown the capability to biotransform berberine into its 7-N-oxide derivative. Further investigations showed that the 
fungus can also biotransform the protoberberine alkaloid, palmatine into a new derivative palmatine 7-N-oxide in liquid medium 
of glucose-yeast extract-peptone. Berberine 7-N-oxide displayed the same antimicrobial activity against pathogenic bacteria and 
pathogenic fungi as berberine 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the School of Pharmacy, Bandung Institute of Technology. 
Keywords: Endophytic fungi, biotransformation, protoberberine alkaloid, 7-N-oxide derivative, antimicrobial activity 
* Corresponding author. Tel.: +62-21-87907636 – 8790604, fax: +62-21-8765059
E-mail address:andria.agusta@lipi.go.id 
1. Introduction 
Microorganisms have attracted attention of many researchers since they possess a special metabolic capacities, 
and there is an increasing demand in chemical and pharmaceutical companies. The Merck Research Laboratory, 
USA screened more than 500 kinds of microbes for their capability to transform anticancer drugs, taxol and 
cephalomannine in order to yield more water soluble derivatives1. From these biotransformation reactions, two 
hydroxy taxol derivatives and one hydroxy cephalomannine derivative were achieved. The use of microbes was also 
widely applied to produce interesting derivatives from many kinds of steroidal drugs2. The endophytic fungus 
Xylaria sp. isolated from the plant Cinchona pubescence (Rubiaceae) can transform Cinchona alkaloids (quinine, 
quinidine, cinchonine, cinchonidine) into 1-N-oxide derivatives which showed an anti-malarial activity with weak 
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toxicity compared with the typical Cinchona alkaloid quinine3. The endophytic fungus Diaporthe sp. isolated from a 
tea plant Camellia sinensis can biotransform tea catechins into C-4 hydroxy derivatives and could not react with non 
tea catechins4. Recently, the endophytic fungi isolated from Thitonia diversifolia, Viguiera arenaria and Viguiera 
robusta showed their capability to transform a neuroleptic drug, thioridazine through regio- and stereoselective 
reactions5. 
In the previous paper we showed the capability of the endophytic fungus Coelomycetes AFKR-1 to oxidize 
berberine into 7-N-oxide derivatives [6]. In this paper we report the capability of another endophytic fungus 
Coelomycetes AFKR-3 to oxidize berberine and palmatine into their derivatives, and antimicrobial activity of the 
product.   
2. Experiments 
2.1. Material 
Young stems of yellow moonshed (Archangelisia flava (L.) Merr.) were collected from Bogor Botanical Garden 
in 2007 and identified at Herbarium Bogoriensis, Botany Division, Research center for Biology, Indonesian Institute 
of Sciences (LIPI).
2.2. Methods 
2.2.1. Isolation of Endophytic Fungi  
Young stems of yellow moonshed  were washed in tap water and then cut into pieces with the length of  1 cm, 
followed by sterilization by soaking the stems in 70% alcohol for 2 minutes, then  soaked in NaOCl for 5 minutes 
and soaked again in 70% alcohol for 30 seconds. The sterilized stems were sliced with a sterile knife and then put on 
corn meal malt agar (CMMC, Difco) media that had been supplemented with 0.05 mg/ml chloramphenicol and 
incubated at room temperature for 1 week. Each colony of the endophytic fungi was serially transfered onto potato 
dextrose agar (PDA, Difco) media until pure colonies were obtained. The obtained endophytic fungi were preserved 
at -80 oC at Indonesian Culture Colection (InaCC), Indonesian Institute of Sciences. 
2.2.2. Screening for Biotransformation of Berberine and Palmatine 
Each isolated endophytic fungus was cultivated in 20 ml of two kinds of liquid medium (in 50 ml Erlenmeyer 
flasks), potato dextrose broth (PDB) and glucose-yeast extract-peptone (GYP, prepared in our laboratory). After 
incubation at room temperature (26 – 28 oC) on a reciprocal shaker (100 rpm) for 5 days, 2 ml (1 mg/ml in methanol) 
of berberine (Sigma) or palmatine (Sigma) were added to the medium, and incubated under identical conditions. The 
biotransformation reactions were monitored every day (until one week) by thin layer chromatography (TLC) of 
reaction extracts on a TLC plate GF254 (Merck) developed in CHCl3 – MeOH – HAc ( 6: 1 : 1 drop). The TLC 
chromatogram patterns were visualized under UV light at 254 and 365 nm, and sprayed with Dragendorf reagent. 
Subsequently, the biotransformation reactions were also checked by HPLC analysis on a Shimadzu LC-20AB 
system equiped with a Shimadzu SPD-20AV UV detector at Ȝ 266 nm for berberin and 340 nm for palmatine. The 
HPLC analysis were run on a Capcell Pak C18 UG 120 (4.6 x 250 mm, Shiseido, Japan) at 40 oC and solvents 
mixture of 90 % of acetonitrile in H2O with flow rate 1 ml/min for 30 min 
2.2.3. Biotransformation of Berberine and Palmatine by the Endophytic Fungus Coelomycetes AFKR-3 
The endophytic fungus Coelomycetes AFKR-3 was inoculated into glucose–yeast extract–peptone medium (200 
ml) and cultivated for 5 days under shaking at 90 rpm at 26-28 °C. A solution of berberine (20 mg) in MeOH (20 ml) 
or palmatine (20 mg/20 ml in MeOH) was added to the cultivation medium and shaking continued for 1 d. The 
reaction mixture was filterred to remove the fungus. The filtrate was extracted with EtOAc and concentrated under 
reduced pressure to give a product (25 mg for berberine reaction, dan 34 mg for palmatine reaction), which was 
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purified by Sephadex LH-20 column chromatography (MeOH) and a preparative TLC (silica gel 60 F254, CHCl3-
MeOH, 3:1) to afford 20 mg (20%) for biotransformation product from berberine, and 8 mg (8%) for 
biotransformation product from palmatine. 
The chemical structure of the biotransformation product was deduced based on its spectroscopic data The 1H- and 
13C-NMR spectra were recorded on a JEOL ECA-500 spectrometer in CDCl3 at 500 MHz using TSM as internal 
standard. The TOF-MS spectrum was recorded with a direct inlet method on a Liquid Chromatography – Mass 
spectrometer (Waters LCT Premier XeMicromass Technology). 
2.2.4. Antibacterial Activity Assay  
Determination of the minimum inhibitory concentration (MIC) was done by the broth microdilution method  that 
has been validated by the National Committee for Clinical Laboratory Standard7. The assays were done in 96 well 
microplate triplicate. The tested bacterial isolates used in this assay are Bacillus subtilis InaCC B1, Staphylococcus 
aureus InaCC B4, Escherichia coli InaCC B5, and Micrococcus luteus LIPIMC 0076 (LIPI Microbial Colection) 
was growth at 35oC in liquid Muller Hinton Broth (Difco), the population density used for antimicrobial testing was 
1-5 x 105 cfu/ml. The biotransformation product from berberine was dissolved in dimethyl sulfoxide (DMSO), a 
stock solution was prepared with double concentration in YMA  medium. The concentrations used for determination 
of MIC values were in the range of 128.0 – 0.25 ug/ml. Determintation of MIC values were done by addition 15 μl 
(0.5 mg/ml) of iodonitrotetrazolium chloride (INT, Sigma). An authentic sample of berberine was used as a 
reference. 
2.2.5. Antifungal Activity Assay  
Minimum inhibitory concentration (MIC) against yeast and fungi were performed by Broth Microdilution Method 
M27-A3 for yeast [8] and M27-A2 for filamentous fungi [9] in Sabouraud broth (SB, Difco). The assays were done 
in 96 well microplate triplicate. The tested fungal isolat used in this assay are  Candida albicans LIPIMC y0382, 
Rhodotorula minuta NBRC 0715 , Aspergillus niger InaCC F234, Aspergillus flavus InaCC F44, and 
Saccharomyces cerevisiae InaCC F78. Final density of inoculated yeast was adjusted to 106 cfu/ml (for filametous 
fungi were not counted). Stock solution of the biotransformed product from berberine were prepared in double 
concentration in SB medium. Then each well was added with 100 μl of yeast or fungal isolates followed by 24 hours 
incubation in 37 oC. The final concentration used for MIC test was in the range of 128.0 – 0.25 μg/ml. Determination 
of MIC values for yeast or fungal were done by addition 15 μl (9.5 mg/ml) of yellow tetrazol (MTT, Sigma). An 
authentic sampel of berberine was used as a reference. 
3. Results and Discussion 
Eighteen kinds of endophytic fungi isolates from young stems of yellow moonshed plant (Archangelisia flava 
(L.) Merr.) collected in Bogor Botanical Garden were obtained in our laboratory. In the previous paper, we reported 
that one of endophytic fungi Coelomycetes AFKR-1 could biotransform the alkaloid berberine into berberine 7-N-
oxide [6]. Another endophytic filamentous fungus Coelomycetes AFKR-3 could also biotransform berberine into a 
transformed product in GYP medium at 26 – 28 oC and 120 rpm. Upcaling of the reaction to 1 L (5 x 200 ml in 500 
ml size Erlenmeyer) with addition of 100 mg (20 mg each) of the substrate berberine could achieve 28 mg (28 %) of 
a biotransformation product (Fig. 1). The same fungus could also biotransform the alkaloid, palmatine into a single 
biotransformation product (Fig. 1). 
The 1H-NMR and 13C-NMR spectra of the biotransformed product showed an identical signal patterns to those of 
berberine (Table 1). Similar to the NMR spectra of the biotransformation product of berberine by the endophytic 
fungus Coelomycetes AFKR-1, 1D-NMR spectra revealed there is no change in the chemical environment of proton 
and carbon atoms in the berberine molecule. This means that NMR analysis could not resolve the chemical structure 
of the biotransformation product of berberine. On the other hand, the biotransformation product and berberine gave a 
different spots on a TLC plate (Silica gel GF254, Merck) and different peaks in an HPLC analysis (reverse phase 
C18 HPLC, 90 % acetonitrile, 40 oC, 340 nm). Furthermore, the biotransformation product was subjected to a high 
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resolution TOF-MS analysis. The TOF-MS spectrum of the biotransformation product shows an ion peak at [M+] 
353, 16 amu. bigger than the ion peak of berberine. These result revealed that the biotransformation reaction of 
berberine by the endophytic fungus Coelomycetes AFKR-3 added one oxygen atom (mass 16 amu.) into the 
berberine molecule. Based on the above data, we assume that chemical structure of the biotransformation product is 
berberine 7-N-oxide as by the endophytic fungus Coelomycetes AFKR-16. The biotransformion reaction of 
palmatine was similar with the biotransformation reaction of berberine to give a new product of palmatine 7-N-oxide 
(the data for 1H-NMR and 13C-NMR were shown in Table 2). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Biotransformation of berberine and palmatine using Coelomycetes AFKR-3 endophyte fungus. 
Table 1. 13C-NMR and 1H-NMR data of the biotransformation product of berberine and berberine in DMSO-d6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The biotransformation reaction both of berberine and palmatine into the 7-N-oxide derivatives is quite similar to 
the biotransformation reaction of Cinchona alkaloids by the endophytic fungus Xylaria sp. which was also reported 
to produce N-oxide derivatives3. Furthermore, the biotransformation product berberine 7-N-oxide was subjected to 
an antibacterial assay to determine the minimal inhibitory concentration (MIC) against some pathogenic bacteria and 
fungi by a broth microdilution method. The result showed that the MIC value of berberine 7-N-oxide against the 
tested organisms (Table 3) was similar to berberine. It was concluded that the addition of an oxygen atom into 
berberine did not affect its antibacterial activity against the tested bacteria and fungi. The new compound palmatine 
7-N-oxide was not tested due to sample amounts 

  
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Table 2. 13C-NMR and 1H-NMR data of the biotransformation product of palmatine and palmatine in DMSO-d6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Minimal inhibitory concentration of berberine 7-N-oxide against some pathogenic microorganism 
Compounds 
MIC values (μg/ml) 
1 2 3 4 5 6 7 8 9 
Berberine 7-N-oxide  64 64 64 64 64 32 64 128 64 
Berberine 64 64 64 64 64 32 64 32 32 
Note: 1). Bacillus subtilis InaCC B1, 2). Staphylococcus aureus InaCC B4, 3). Escherichia coli InaCC B5, 4). Micrococcus luteus 
LIPIMC 0076, 5). Candida albicans LIPIMC y0382, 6). Rhodotorula minuta NBRC 0715, 7). Aspergillus niger InaCC F234, 8). 
Aspergillus flavus InaCC F44, 9). Saccharomyces cerevisiae InaCC F78 
4. Conclusion 
Taken together, the result showed that biotransformation of berberine and palmatine to berberine 7-N-oxide and 
palmatine 7-N-oxide could be catalyzed  by Coelomycetes AFKR-3, an endophytic fungus isolated from 
Archangelisia flava (L.) Merr.). Berberine 7-N-oxide had the same antimicrobial activity as its parent compound. 
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